ABSTRACT Background: Although vitamin D insufficiency is prevalent in the community, only a few populationbased studies have measured serum 25-hydroxyvitamin D (25OHD) levels during pregnancy and in newborns. Maternal vitamin D deficiency has been linked to pregnancy complications, as well as hypocalcaemia and rickets in the newborn. Here, the authors report third-trimester maternal and newbornserum 25OHD concentrations in 101 neonates whose serum samples were sent for testing.
INTRODUCTION
Maternal vitamin D deficiency is a common public-health problem. 1 2 Individuals with deeply pigmented skin and those with minimal skin exposure to sun are considered to be particularly at risk of vitamin D deficiency. 3 During intrauterine development, the fetus accumulates about 30 g of calcium from the maternal circulation, and during lactation, a further 280e400 mg/day calcium is secreted into the milk. 4 This results in an increased demand for calcium in the mother, so it is important that adequate vitamin D be available to ensure efficient intestinal absorption of calcium.
Vitamin D deficiency in pregnancy has been shown to lead to significant pregnancy complications. Maternal complications include decreased weight gain, 5 hypertension in pregnancy and pre-eclampsia. 1 In the newborn, maternal vitamin D deficiency has been linked to hypocalcaemia, low birth weight, 6 poor weight gain, impaired development and rickets. 7 Although no health benefits have been associated with vitamin D supplementation during pregnancy, 8 current evidence suggests that deficiency may be an independent risk factor for pregnancy and birth complications. The following study was aimed at examining the relationship between concentrations of 25OHD in maternal serum and newborn.
METHOD

This study was approved by the Royal Adelaide Hospital
Research Ethics Committee (protocol number 090901). One hundred and one consecutive neonatal serum samples were received from a tertiary hospital for 25OHD analysis. Maternal data were obtained from the laboratory database. Noenatal samples were from heel-prick capillary blood samples collected for newborn screening tests during a 3-month period (November, December and January). These values were correlated with the mothers' serum 25OHD measurements collected during the thirdtrimester using regression analysis. There were two sets of twins in the neonatal group, and there were 99 maternal records. Any other maternal serum vitamin D concentrations which were measured during pregnancy were also obtained from the database. The first-trimester measurement has been made in association with antenatal screening tests. However, a proportion of women had a third-trimester 25OHD measurement requested by their general practitioner, and this was either the first during the pregnancy or a follow-up to a previous measurement in the first or the second trimester. All serum measurements were made using an enzyme immunoassay (Immuno Diagnostic Systems, Scottsdale, Arizona). Serum vitamin D was also measured in 10 randomly selected neonatal specimens using an LC/MS-MS method (Applied Bio Systems) in order to verify the immunoassay method for neonatal samples.
RESULTS
The ethnicity
Maternal complications recorded were premature rupture of membranes (n¼10), pre-eclampsia (n¼7), postpartum haemorrhage (n¼4), ante-partum haemorrhage (n¼3), oligohydramnios (n¼1) and cholestasis (n¼1). Gestational diabetes was reported in three women. Neonatal complications recorded were breach presentation (n¼5), shoulder dystocia (n¼4), small for gestational age (n¼3), neonatal jaundice (n¼3) and congenital laryngomalacia (n¼1).
For 99 mothers of the 101 neonates, serum 25OHD was measured in the first trimester, second trimester and third trimester in 19, 42 and 68 women respectively. Twenty-eight women had at least two measurements during pregnancy. All 28 had a 25OHD level below the recommended 60 nmol/l; 9 only 12 achieved a subsequent measurement above 60 nmol/l. The mean serum 25OHD in the first, second and third trimesters was 32 nmol/l, 33 nmol/l and 44 nmol/l respectively (table 1). Table 2 shows the mean third-trimester serum 25OHD for the mothers and neonates. During the third trimester, 78% of the women had a vitamin D level of <60 nmol/l. The goal recommended by the Perinatal Practice Guidelines of South Australia 9 is 60 nmol/l; therefore 78% of the women were vitamin D deficient or insufficient in the third trimester.
The mean 25OHD in the neonates was 68 nmol/l (17 to 177). Severe deficiency (<25 nmol/l) was detected in 4%, mild deficiency (<50 nmol/l) in 33% and normal levels (>50 nmol/l) 10 in 63%. The third-trimester maternal serum 25OHD and neonatal 25OHD were correlated (r¼0.08; p¼0.02; newborn 25OHD¼(0.4175maternal 25OHD)+44.234) as shown in figure 1 . No relationship was found between neonatal 25OHD and maternal age.
Regression analysis of neonatal 25(OH)D measured using enzyme immunoassay and LC/MS-MS showed a good correlation between the methods (r¼0.9; p<0.001; enzyme immunoassay¼1.04(LC/MS-MS)+10.1).
DISCUSSION
The women in our study were of mixed ethnic origin, with a large proportion of migrants, many of whom have dark skin and wear traditional dress, leading to lower vitamin D production in the skin. These factors are well recognised as risk factors for vitamin D deficiency. However, the numbers in each group were too small for a separate analysis.
Despite the perinatal guidelines for the diagnosis and correction of vitamin D deficiency in pregnancy, only 19% of this group of mothers had their serum vitamin D measured in the first trimester. As many as 78% were 25OHD-deficient during the 3rd-trimester. Only 68% of the women had their vitamin D measured in the third trimester. However, the average serum 25OHD for this group of women gradually rose from the first to the third trimester, perhaps owing to supplementation. This suggests that more than 78% of the women may have been vitamin D deficient during the first trimester. All third-trimester samples were collected in spring (September to November), and a small seasonal influence cannot be discounted. The rise in 25OHD with advancing pregnancy may be a natural phenomenon similar to the rise in steroid hormones. The mean serum 25OHD during the third trimester was 48 nmol/l, which is below the desirable limit of 60 nmol/l. Measurement of vitamin D during the first trimester may have been beneficial because this may have allowed the commencement of supplementation earlier to enable serum levels to normalise by third trimester. The incidence of preeclampsia in this group was 7%, which is comparable with the 5e7% incidence in all pregnancies.
11
A recent finding suggested that the factors associated with maternal vitamin D deficiency were maternal birthplace outside Australia, dark-skin prototype, wearing a veil and younger maternal age. 12 Our cohort consisted of a large proportion of immigrants from multiple ethnic backgrounds, and this may have contributed to the prevalence of vitamin D deficiency.
Neonatal serum 25OHD concentration was related to third-trimester maternal vitamin D level. However, some women may have been receiving supplementation closer to delivery date, and thus may have had higher serum levels without a rise in fetal stores. The relationship may have been more significant if vitamin D levels were measured on the day of delivery.
2 A significant percentage of neonates were vitamin D deficient at birth (37%). This relates to the high prevalence of maternal vitamin D deficiency. 12 There was a good correlation between the enzyme immunoassay and LC-MS/MS for the measurement of neonatal vitamin D, suggesting that immunoassay is a valid method of neonatal vitamin D. In the samples tested the enzyme immunoassay measured higher values compared with the LC-MSMS method, but this difference was not statistically significant. There is one report in which neonates can have significant concentrations of the 3-epimer of 25OHD in serum, and this form of 25OHD may not be measured by different assays 13 leading to a variability between results obtained from various assays.
Recognition of risk factors and early detection of vitamin D deficiency, and supplementation with vitamin D to achieve reasonable serum levels during pregnancy, are important in order to prevent neonatal vitamin D deficiency and related complications. Perinatal Practice Guidelines proposed by the government do not appear to be used widely. This may also reflect on the women not seeking general practitioner or obstetric consultation during early pregnancy. Therefore, public- 
